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A. INTRODUCTION 

Evaluated by many clinical investigators, cytokine therapy has been and is still actively considered 
as one of the more promising approaches for treatment of advanced forms of cancers, including 
breast cancer (1), because it can be directed at eradication of both the primary tumor and its 
metastases via activation of an antitumor immunity. Among various cytokines, EL-12 in particular 
exerted dramatic antitumor effects in several different experimental tumor models (2,3). 
Unfortunately, little information is available for mammary tumor models. In addition, 
recombinant EL-12 protein in therapeutic doses can be toxic to mice and humans (4,5). Directed 
by the Army Breast Cancer Research Program, we have focused our laboratory effort on the 
cytokine gene therapy for breast cancer. 

The ultimate goal of our research is to develop an immunological approach for breast cancer gene 
therapy that can result in regression of both primary tumors and residual metastatic foci, and can 
also induce sufficient immunological memory to prevent tumor recurrence and progression. Based 
upon our previous gene gun studies, this strategy is expected to exploit the gene therapy potential 
for treatment of breast cancer with minimal or none toxic side effects encountered in other studies 
employing cytokine protein therapy (4,5). 

Our laboratories previously reported (6,7) that gene gun-mediated in vivo delivery of EL-12 DNA 
elicited effective antitumor responses with no evident toxicity. This therapeutic effect was 
achieved via localized transgenic production of E.-12 protein, at a systemic level at least 1,000 
times less than the effective, and toxic, dose of recombinant IL-12 protein delivered systemically 
(8). We therefore suggested that gene gun-mediated E.-12 gene therapy might be effective and 
non-toxic in murine mammary tumor models. 

During the early stage of our gene therapy studies, it was shown in our previously published results 
that six out of six tested tumor models, including two sarcomas, a renal cell carcinoma, a 
lymphoma, a melanoma and a mastocytoma, responded at varying degrees to gene gun-mediated 
IL-12 gene therapy in vivo (6). Responses varied from complete regression to a significant 
suppression of tumor growth, depending on the immunogenicity of test tumors. These syngeneic 
mouse tumor models resemble two currently employed murine mammary tumor models, for which 
poorly immunogenic and highly immunogenic tumor cell lines have been characterized, and 
histology, tumorigenicity, and metastatic capacity recently established (9-13). Thus there was 
good reason to suggest that experimental murine mammary tumor systems may also be responsive 
to this gene therapy approach. 

In essence, experimental results obtained from the past two and half years of this study have been 
described in our previous Annual Report. We showed that gene gun-mediated E.-12 gene therapy 
can be effective against breast tumors in mouse models. Briefly, these results are summarized as 
follows: 

1) Gene-gun-mediated EL-12 gene therapy of the immunogenic TS/A adenocarcinoma can result in 
complete regression of some of the established primary tumors and induction of immunological 
memory. 



2) This IL-12 gene therapy protocol for the non-immunogenic 4T1 adenocarcinoma does not 
significantly affect the growth of the primary tumor, but can reduce metastasis into the lungs. 

3) The current IL-12 gene therapy can significantly extend the test mouse survival time following 
the excision of a 4T1 primary tumor. 

4) The observed anti-metastatic effect of IL-12 gene therapy against the 4T1 tumor apparently did 
not involve T-cells, but appeared to involve NK cells and IFN-y. 

5) Co-delivery of a combination of IL-12, pro-JL-18 and IL-lb converting enzyme (ICE) cDNA 
resulted in a synergistic, significantly enhanced inhibition of the growth of TS/A tumors. 

6) The IL-12, pro-IL-18 and ICE combinational gene therapy resulted in high level of IFN-y 
induction in vitro and in vivo, and was CD8+ cell dependent. 

7) With a DNA vaccine approach, co-delivery of granulocyte macrophage colony-stimulating 
factor (GM-CSF) cDNA together with gplOO cDNA into skin reproducibly resulted in a much 
greater level of protection against challenge with a murine B16 melanoma stably transfected with 
human gplOO cDNA. 

During the third year of this study we continued the characterization of the antitumor and anti- 
metastatic effects of IL-12 gene therapy against breast tumors. We focused on two main aspects: 
1) develop and optimize new experimental protocols (e.g., combinational cytokine gene transfer) 
for augmenting the antitumor effect of IL-12 gene therapy, 2) develop DNA cancer vaccine 
approaches using human tumor associated antigen(s) and GM-CSF as DNA adjuvant. The results 
obtained to date have been quite encouraging, and are described as follows. Three scientific 
papers and one book chapter, including a paper in press in PNAS USA, have been generated so far 
from this study. 

B. BODY OF REPORT 

Bl. Experimental Methods 

cDNA Expression Plasmid Construction. The murine IL-12 expression plasmid, pNGVL3- 
mIL12, was constructed in a backbone plasmid containing a CMV immediate/early enhancer 
promoter, intron A and a kanamycin selection gene. The p35 and p40 subunits, separated by an 
internal ribosomal entry site, were subcloned into the multiple cloning site of pNGVL-3 (National 
Gene Vector Laboratory, University of Michigan, Ann Arbor, MI). The backbone plasmid, 
pNGVL-3, was used as a control vector. To construct a plasmid expressing pro-IL-18 or ICE 
cDNA, the full length of murine pro-IL-18 or ICE cDNA was obtained from total RNA of 
C57BL/6 mouse spleen cells by reverse transcription-polymerase chain reaction (RT-PCR) using a 
RT-PCR kit (Takara, Tsukuba, Japan). The PCR product of pro-IL-18 was subcloned into 
pNGVL-3 (pNGVL-3-mTL-18) and that of ICE was directly subcloned into the expression vector 
pCR3.1 (Invirogen, Carlsbad, CA, USA) by TA cloning (pCR3.1-ICE). For B16 cell transfection, 
the construct pNASS/CMV-hgplOO was used. It was generated by inserting the hgplOO DNA 
fragment, excised from the pWRG1644 vector, into the pNASS/CMV-neo vector. 

Mice and Cell lines. BALB/c mice and C57B1/6 mice were obtained from Harlan-Spargue- 
Dawley (Madison, WI), or from Taconic (Germantown, NY) and were housed in an AAALAC- 
accredited facility under isothermal conditions and allowed access to food and water ad libitum. 



Female mice between 8-12 weeks of age were employed.   The cell lines were used in the studies 
included: TS/A (murine mammary adenocarcinoma), Lewis lung carcinoma (LLC), B16 (murine 
melanoma), RAW 264.7 (murine macrophage) and COS-7 cells. TS/A is a moderately 
immunogenic tumor and MHC class I positive (H-2Dd, H-2Kd). This cell line was originally 
obtained from Dr. G. Forni (Milan, Italy). The cell cultures were maintained in RPMI1640 
(Biowhittaker, Walkersville, MD) supplemented with 10% heat-inactivated fetal bovine serum 
(Sigma, St. Louis, MO), 2 raM L-glutamine, 1 mM sodium pyruvate, 1% minimal Eagle's medium 
nonessential amino acid, 100 U/ml of penicillin and 100 Hg/ml of streptomycin (Biowhittaker, 
Walkersville, MD) in a humidified atmosphere of 5% C02 at 37°C. The B16 melanoma cell line, 
syngeneic in C57B1/6 mice, was obtained from Dr. William Ershler (UW Institute of Aging, 
University of Wisconsin-Madison). 

Murine Tumor Models and In Vivo Treatment Protocol. Mice were shaved in the abdominal 
area and injected intradermally with 5xl04 -1x10s tumor cells in 50 |xl phosphate-buffered saline 
(PBS). We utilized a helium-pulse Dermal PowderJect-XR (formally Accell®) gene gun 
(PowderJect Vaccines, Inc., Madison, WI) as previously described (6). Briefly, plasmid DNA 
was precipitated onto gold particles 2 |xm in size (Degussa, South Plainfield, NJ) at a loading rate 
of 2.5 ng DNA/mg of gold and coated onto the inner surface of Tefzel tubing. Each half-inch 
segment of tubing conferred the delivery of 0.5 mg gold and 1.25 p.g total plasmid DNA per 
transfection. When two or three plasmids were used in combination, each plasmid was 
precipitated onto separate gold particles, which were then mixed together. In some experiments, 
hgplOO DNA was diluted 10-fold or 100-fold before precipitating onto gold particles. For DNA 
vaccination or treatment, mouse skin was shaved and transfected in vivo with the cDNA expression 
vectors with a 400 pounds per square inch (psi) helium gas pulse.   For TS/A tumor treatment, 
mouse skin overlying and surrounding the tumor was transfected in with cytokine cDNA 
expression vectors and control plasmid (pNGVL-3) on days 6, 8, 10 and 12 after tumor 
implantation. There were six groups of gene gun treatments, which included: (I) mIL-12 cDNA 
alone; (IT) murine pro-IL-18 cDNA alone; (HI) murine pro-IL-18 and ICE cDNA (pro-IL-18 / 
ICE); (IV) mIL-12 and pro-IL-18 cDNA (IL-12 / pro-IL-18); (V) mIL-12, pro-IL-18 and ICE 
cDNA (IL-12 / pro-IL-18 / ICE); and (VI) control vector (pNGVL-3). Each treatment consisted of 
four transfections. Tumor growth was monitored two to three times per week by caliper 
measurement of two perpendicular tumor diameters. Mice were sacrificed when the diameter of 
the tumor reached 10 mm or greater. Mice that had been tumor free for more than 50 days after 
tumor implantation were challenged with an intradermal injection of 1 x 105 of the parental tumor 
cells (TS/A) or CT26 tumor cells (murine colon adenocarcinoma), which is also syngeneic to 
BALB/c mice. 

In Vitro Gene Transfer and IL-18 Bioassay. For in vitro transfection, 2.5 x 106 of COS-7 or 
TS/A cells were suspended in 30 ul RPMI-1640 and spread into the target size in a 35 mm dish. 
Transfections with cytokine cDNA were performed using a gene gun with 250 psi helium pulse. 
Cells were then recounted using the trypan blue dye exclusion assay and 1 x 106 viable cells were 
placed in 2.0 ml of culture medium. Culture supernatants were harvested at 24 hr post-transfection 
for use in the IL-18 bioassay. The relative bioactivity of IL-18 was determined by the ability of cell 
supernatants to augment EFN-y production in vitro (14). Briefly, mouse splenocytes (2 x 106) were 
cocultured with Con A (1.25 Hg/ml) in 24-well plates for 48 hr. Supernatants obtained from 
transfected cells were added to cell suspensions of Con A-primed splenocytes (1 x 10 ) in 96-well 
plates for 24 hr. The supernatants were collected and assayed by ELISA to detect IFN- y 
production. 



In Vivo Depletion of CD4+ and CD8+ T cells and Neutralization of IFN- y 
The relative contribution of T cell subsets and IFN- y was evaluated by in vivo antibody inhibition. 
Anti-CD4 mAb (clone GK1.5) and anti-CD8 mAb (clone 2.43) were administered intraperitoneally 
at 0.3 mg per injection per mouse on days 5, 9 and 13 after tumor implantation (6). Anti-IFN-y 
mAb (clone R4-6A2) was injected intraperitoneally at 0.5 mg per mouse on days 5,7,9, 11 and 
13. As a control antibody, rat IgG (Sigma) was injected at 0.5 mg per mouse with the same 
schedule as for the anti-IFN- ymAb. 

Cytotoxic Assay. Spleen cells (8 x 106), derived from BALB/c mice that rejected TS/A tumors 
following gene therapy and remained tumor-free for at least 50 days, or obtained from TS/A tumor 
bearing mice 2 weeks after tumor implantation, were co-cultured with irradiated TS/A cells (4 x 
105) for 5 days in vitro. TS/A cells labeled with Na2(

51Cr)04 (5 x 103 / well) were cultured in a total 
volume of 200^,1 with effector cells in 96 round-bottomed well plate. After 4 hours of incubation, 
the supernatant was harvested and counted in a gamma counter, and specific lysis was calculated 
(6). 

PCR. C57/BL6 mice were vaccinated using the gene gun method as described below. One 
transfection contained a total of 625 ng of DNA of either vector alone, or vector encoding 
hugplOO, or vector encoding hugplOO mixed at a 1:1 ratio with vector encoding mouse GM-SCF. 
Twenty four hours later, skin samples were taken from the transfected area, and total RNA was 
extracted using the guanidinium method . 

The RNA was quantified spectröphotometrically and tested for DNA contaminations by running a 
PCR using 40ng of RNA as template and the primers listed below. All RNA was tested for DNA 
contamination, and RNA that showed signs of DNA contamination was subjected to DNAse 
treatment according to standard protocols. Single stranded cDNA was generated from RNA with 
oligo-dT priming and AMV-RT according to the manufacturers instructions (Promega, Corp., 
Madison, WI). The resulting cDNA was amplified using primers obtained from Integrated DNA 
Technologies Inc., Coralville, IA. One set of primers was designed to specifically amplify human 
gp 100 (upper 5*-TATTGAAAGTGCCGAGATCC-3'; lower 
GCTGTTCTCACCAATGGGACAAG-3'), the other primer amplifies both human and mouse 
gplOO (upper 5-TATTGAAAGTGCCGAGATCC-3',lower 5'-TGCAAGGACCACAGCCATC-3' 
). The conditions for the PCR reaction were: initial denaturation step 4 min at 94°C; 35 cycles of 
denaturation (94°C for 45 sec), annealing (55°C for 45 sec) and extension (72°C for 1.5 min), and 
a final extension at 72°C for 7 min. The products were evaluated by 1.4% agarose gel 
electrophoresis in ethidium bromide and visualized by UV light. 

Flow cytometry. The parental (B16-wild) and hgplOO-transfected B16 cells (B16-gpl00) were 
first permeablized in ORTHO PermaFixTM solution (Ortho Diagnostics Systems, Raritan, NJ) for 1 
hr, followed by incubating with anti-gpl00 mAb, HMB-45 (Adema et al., 1993), obtained from 
Coulter-hnmunotech (Westbrook, Me), for 40 min at 4°C.   As negative control, MOPC IgG 
(Sigma, St. Louis, MO) was used. After washing, the cells were stained with FITC-conjugated 
goat-anti-mouse IgG (Becton Dickinson and Co., San Jose, CA) for 40 min at 4°C. Stained cells 
were analyzed using a FACScan cytofluorometer (Becton Dickinson and Co., San Jose, CA) and 
data collected for 10,000 events/sample. 

B2. Results 

I. Combinational (IL-12, pro-IL-18, ICE) Gene Therapy Approach. 



LI induction of IFN- y by gene transfer of IL-12, pro-IL-18 and/or ICE. 
We hypothesized that expression of endogenous ICE in tumor cells may result in cleavage of the 
transgenic pro-IL-18. To evaluate this hypothesis, we transfected COS-7 cells (ICE negative) and 
TS/A (ICE positive) cells with pro-IL-18 cDNA alone or in combination with an ICE cDNA 
expression vectors. The ability of these cells to stimulate IFN- y production in Con A-primed 
murine splenocytes was utilized as a bioassay to measure the relative levels of functional IL-18 
protein (14-16). Fig. 1 shows that IFN- ylevel induced by transfection with pro-IL-18 and ICE was 
considerably higher than that by pro-IL-18 alone in both COS-7 and TS/A cells. As expected, the 
cotransfection of ICE and pro-IL-18 cDNA was superior to pro-IL-18 cDNA alone and resulted in 
enhanced bioactivity of IL-18 in the ICE negative cell line COS-7 (15). Both of the low level of 
endogenous ICE in TS/A cells and subsequent low level of IFN- y production, however, were 
significantly enhanced by ICE cDNA cotransfection. Thus, dual transfection of pro-BL-18 and ICE 
cDNA results in secretion of more bioactive IL-18 protein than that of pro-IL-18 cDNA alone. 
The combination of IL-12, pro-IL-18 and ICE resulted in the highest level of IFN- y release from 
Con A-primed splenocytes among all groups in COS-7 and TS/A cells (Fig.l). In contrast, the 
IFN- ylevel induced by pro-IL-18 and IL-12 together was not statistically different from that of 
treatment with IL-12 alone. Taken together, in terms of IFN- y induction, IL-12 was synergistic 
with the IL-18 produced from ICE-cleaved pro-IL-18, but not with pro-IL-18 alone. Similar results 
were obtained in transfection studies performed with LLC and B16 cells (data not shown). 
To investigate whether IFN- y levels could be augmented in vivo following the transfer of IL-12, 
pro-IL-18 and ICE cDNA, IFN-y production in the gene gun-treated skin tissues and serum of test 
mice and in conditioned medium of cultured splenocytes were compared among various treatment 
groups. The IFN- ylevel produced from the skin in the group of EL-12 / pro-EL-18 / ICE was the 
highest among all tested groups (Fig. 2A). When splenocytes freshly isolated from test mice were 
cultured for 24 hours in the absence of Con A, the level of IFN- y secretion was greatest in the 
group that was treated with the set of IL-12, pro-IL-18 and ICE cDNA in combination (781 pg / 
106 splenocytes / 24 hours, Fig. 2B). This result suggests that splenocytes can be significantly 
activated following in vivo gene delivery of IL-12, pro-IL-18 and ICE, and that gene gun-mediated 
skin transfection with IL-12, pro-EL-18 and ICE cDNA may be capable of stimulating immune 
cells systemically as well as locally. 

1.2. Antitumor effect of gene gun treatment with IL-12, pro-IL-18 and ICE cDNA. 
The highest level of EFN- y induction via the combination of EL-12, EL-18 and ICE treatment 
among all tested sets, in vitro and in vivo, led us to test whether this combination could also result 
in regression of established TS/A tumors. The combination gene therapy of EL-12, pro-EL-18 and 
ICE elicited the most marked suppression of tumor growth among all groups (Fig. 3). Even more 
important, a complete regression was observed on day 50 in 11 out of 22 tested mice (50.0%) in 
the EL-12 / pro-EL-18 / ICE combinatorial gene therapy group, and this rate was 2- to 3-fold higher 
than that obtained from treatment with EL-12 alone, or EL-12 / pro-EL-18 (Table 1). These results 
further confirm that the combination of EL-12 / pro-EL-18 / ICE in this gene therapy strategy can 
confer a much more efficacious antitumor activity than that from either the EL-12 gene alone or EL- 
12 / pro-EL-18 genes. This is the first evidence that a combinatorial direct treatment with EL-12 and 
EL-18 cDNA can result in complete eradication of established and relatively large tumors. 

1.3. Involvement of CD8+ T cells and IFN- y in Tumor Regression Following the 
Combinatorial Gene Therapy of IL-12, pro-IL-18 and ICE. To determine the mechanism of 
cytokine-mediated tumor regression, in vivo depletion experiments were performed by injecting 
TS/A tumor-bearing mice with anti-CD4+, anti-CD8+ or anti-EFN- y mAb (Fig. 4). Mice treated 
with EL-12 / pro-IL-18 / ICE and both anti-CD4+ and CD8+ mAbs were found to develop tumors 



with kinetics similar to that of the control plasmid group (Fig. 4A). In vivo depletion of CD8+ T 
cells, but not of CD4+ T cells, completely abrogated the antitumor effect of combination therapy 
(Fig. 4B). These results suggest that tumor regression induced by this combinatorial therapy 
requires CD8+ T cells. 

In vivo neutralization of IFN- y proteins with anti-EFN- yrnAb also inhibited the antitumor activity 
against the TS/A tumor induced by IL-12 / pro-IL-18 / ICE cDNA, although this inhibitory effect 
was not complete (Fig. 4A). 

1.4. CTL Activity Induced by Gene Gun Delivery of Cytokine cDNAs. To further evaluate 
whether the mice that showed complete regression of tumor following in vivo gene transfer were 
able to develop antitumor immunity, splenocytes collected from mice with complete regression in 
each treatment group were assayed for CTL activity. Splenocytes from IL-12 alone, IL-12 / pro-IL- 
18, and IL-12 / pro-IL-18 / ICE gene-treated mice generated similar levels of CTL activity, which 
were 4- to 6-fold higher than those from control tumor-bearing mice (p < 0.01, Fig. 5). 

1.5. Immunological Memory in Mice Following Gene Therapy of IL-12, pro-IL-18 and ICE. 
We evaluated whether the mice that showed complete regression of TS/A tumors following gene 
therapy of IL-12 / pro-IL-18 / ICE could develop tumor-specific immunity. Six Balb/c mice with 
complete regression of TS/A tumor following in vivo gene gun treatment with IL-12 / pro-IL-18 / 
ICE cDNA were rechallenged on day 50 with 1 x 105 TS/A cells. All mice rejected TS/A tumors 
and were tumor-free for an additional one month. Then, these mice were rechallenged again with 1 
x 105 of both TS/A cells and CT26 cells (syngeneic to BALB/c mice) on the right and the left side 
of abdomen, respectively. All mice rejected a second challenge with TS/A tumor cells but 
developed CT26 tumors (data not shown). Taken together with the data of the cytotoxic assay (Fig. 
5), our results suggest that gene gun treatment with combination of IL-12, pro-IL-18 and ICE in 
tumor-bearing mice can effectively result in the CTL activation and the development of tumor- 
specific immunological memory. 

II.       GplOO+GM-CSF Gene Vaccination Approach 

11.1. hgplOO expression in vitro and in vivo in B16 tumors and in the skin following particle- 
mediated hgplOO DNA transfection. Before evaluating antitumor efficacy of gplOO DNA 
vaccination, it was necessary to determine whether cell transfection with the hgplOO cDNA 
expression plasmid results in production of transgenic hgplOO protein. B16 cells were transfected 
with hgplOO cDNA, selected in vitro for positive clones (B16-gpl00), and then analyzed for 
hgplOO expression using flow cytometry. Wild type B16 cells (B16-wild) and B16 cells 
transfected with empty vector (B16-neo) were used as controls. Because gplOO is a 
transmembrane glycoprotein, cell membrane was permeablized prior to staining with hgplOO- 
specific HMB-45 mAb. The results in Figure 6A show that B16-gpl00 cells expressed more 
gplOO than control mouse B16 melanoma cells, indicating that the B16-gpl00 clone expresses 
hgplOO . The fact that nontransfected mouse B16 cells were also stained with HMB-45 mAb 
strongly suggests that this mAb recognizes an epitope shared between human and mouse gplOO, 
since these proteins have approximately 80% homology (17). A non-melanoma murine cell line, 
4T1 adonocarcinoma, was not stained with HMB-45 mAb (data not shown). 

In a second approach, we looked at the expression of hgplOO in B16-gpl00 cells by using RT-PCR 
analysis. Several previously published primer sets for the human gplOO sequence proved 
unsuitable in our system because of their cross-reaction with the mouse gplOO, which has a 79.7% 
homology with the human sequence (17). We therefore designed a new set of primers that is able 
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to amplify only the human gplOO from hgplOO-transfected, mouse gplOO-positive cells. RT-PCR 
tests using the human-specific primer set confirmed it's specificity, in that only the human gplOO 
transfected cell line, B16-gpl00, resulted in an amplification product (Fig 6B, Lane 2) but not 
B16-wild (Fig. IB, Lane 1). 

In order to confirm the transcription of DNA that is delivered via gene gun into the skin of mice, 
C57/BL6 mice were treated with empty vector as a control, or with hgplOO DNA-coated gold 
beads, or with a mixture of hgplOO and GM-CSF- coated beads. The mice were given one 
transfection on each side of the abdomen, using 625 ng (hgplOO) or 1250 ng (hgplOO+GM-CSF) 
of total DNA per transfection. Twenty four hours later, skin samples were removed from the 
transfected area and total RNA was extracted. The RNA was tested for DNA contamination and 
then reverse transcribed and amplified by PCR using primers for the house keeping gene G3PDH 
and the hgplOO. Lane 3 in Fig.6B shows that no hgplOO was detected in the empty vector- 
transfected skin, indicating that the specificity of the primers for the hgplOO sequence is high and 
no mouse derived products are interfering with the human-specific primers. A clear band in Lane 4 
shows the positive amplification product of hgplOO- transfected skin. Lane 5 confirms the 
expression of hgplOO when transfected along with GM-CSF, indicating that GM-CSF does not 
interfere with the expression of hgplOO in the skin. The integrity of all the cDNA samples was 
tested and confirmed by amplifiing the house keeping gene G3PDH (Panel b). Thus, these data 
show that hgplOO DNA vaccination results in transgene transcription in the skin tissues 24 hr post- 
transfection. 

11.2. Protection against B16-gpl00 tumor following gplOO gene vaccination 
The skin of mice was transfected at four abdominal sites with hgplOO-encoding plasmid DNA, 
alone or in combination with mGM-CSF-encoding plasmid DNA. This resulted in a total delivery 
of 2.5 jig of each DNA. Seven days later, vaccinated or naive mice were challenged intradermally 
(i.d.) in the middle of the abdomen with 5xl04 of either B16-wild cells, or B16-gpl00 cells, and 
tumor growth was followed. No significant tumor protection was observed against wild-type B16 
tumor (Fig.7, left panel), or B 16-neo tumor (data not shown) following either gplOO or 
gplOO+GM-CSF gene vaccination. In contrast, gplOO gene vaccination resulted in a substantial 
protection against B16-gp 100 tumors, with 40% of mice remaining tumor-free for at least two 
months. Importantly, co-delivery of GM-CSF cDNA with hgplOO cDNA resulted in a complete 
tumor protection in all 5 vaccinated mice (Fig. 7, right panel). This ability of GM-CSF gene co- 
delivery to enhance the effect of gplOO DNA vaccination was consistently reproducible in all 
twelve subsequent experiments, although the degree of protection varied. Marginal but 
statistically significant suppression of tumor growth could be achieved against B16-wild tumor in 
some experiments, especially when mice received two additional boosts following vaccination 
with the CM-CSF-gplOO gene combination (data not shown). 

11.3. Dose effect of gplOO cDNA gene vaccination. 
Because of the observed enhancing effect of GM-CSF on gplOO gene vaccination, we determined 
next whether the reduction of gplOO cDNA dose in a combined DNA vaccine would still result in 
tumor protection. The vaccination was designed as follows: the initial gplOO cDNA dose (625 ng 
per transfection) was decreased 10-fold and 100-fold, while GM-CSF cDNA dose remained 
constant (625 ng per transfectioin). Control mice received a vaccination with the empty vector 
alone and in combination with GM-CSF DNA. Seven days post vaccination, mice were 
challenged with 5xl04 B16-gpl00 cells, and tumor growth was followed. The results in Fig.8 
show that, in combination with GM-CSF gene, a 10-fold reduced dose of gplOO plasmid DNA 
(62.5 ng) still induced an appreciable level of protection, which was less than that induced by 625 
ng of gplOO DNA+ GM-CSF, but still much higher than gplOO DNA alone. Fig.8 also shows that 
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the protection against B16-gp 100 tumors, although substantial, was not strong enough to 
completely eradicate the tumor in all vaccinated mice, in that some mice eventually developed the 
tumors several weeks after the tumor challenge. 

11.4. Role of T cells in tumor protection in gplOO + GM-CSF DNA -vaccinated mice. 
We investigated next whether T cells were responsible for the protection induced by gpl00-GM- 
CSF gene vaccination.   Mice were transfected in the skin with the GM-CSF-gplOO combined 
DNA vaccine on day 0, and injected i.p. with a mixture of anti-CD4 and anti-CD8 mAbs one day 
before and 5 days after B16-gp 100 tumor challenge on day 7 post vaccination. Control mice 
received rat IgG. The results in Figure 9 show that in vivo depletion of T cells abrogated the 
protection induced by the DNA vaccine, indicating that this protection is T cell mediated. In 
agreement with that, we also observed that vaccinated mice that remained tumor-free after the 
tumor challenge for more than a month, were partially or completely immune to a secondary tumor 
challenge (data not shown). 

11.5. Therapy of established tumors with the hgpl00-GM-CSF DNA vaccine. 
The experiments described above showed that gplOO gene vaccination of naive mice, especially in 
combination with GM-CSF, can result in induction of a T cell-mediated immune response which is 
capable of protecting mice from a subsequent tumor challenge. To approximate the experimental 
conditions to clinical situation, we investigated the therapeutic effect of the GM-CSF-gpl00 gene 
therapy in mice bearing established tumors. Mice were injected i.d. in the middle of the abdomen 
with B 16-gpl00 tumor cells. Seven days later, when the tumors reached about 4 mm in diameter, 
mice received a combined GM-CSF-gpl00 treatment at two sides of abdomen. This treatment was 
repeated on day 10, 13 and 17 post tumor cell implantation. The results in Fig.lOA show that the 
GM-CSF-gpl00 gene combination induced suppression of tumor growth when compared to 
control mice (P<0.05 starting from day 17 of tumor growth). 

The effect of gpl00-GM-CSF gene therapy against established tumors was further confirmed by 
the extended survival of mice (Fig. 10B). The survival was calculated based on the days the mice 
were sacrificed when their tumor diameter reached 15 mm. Thus, untreated tumor-bearing mice 
and mice treated with the empty vector + GM-CSF cDNA survived for 26.11 + 0.96 and 25.5 + 
1.42 days, respectively, whereas gplOO + GM-CSF cDNA-treated mice survived for 37.5 + 2.72 
days (P<0.005). The experiment depicted in Fig.5 was repeated two times, with the treatment 
started on day 4 or on day 7 post tumor cell implantation, and similar results were obtained. 

11.6. RT-PCR analysis of recurrent tumors in vaccinated mice. 
Although gplOO gene vaccination, especially in combination with GM-CSF, resulted in tumor 
protection, tumors relapsed in some mice after several weeks post tumor challenge. It could be 
that B16-gpl00 tumor cells injected into vaccinated mice have lost expression of hgplOO and, 
therefore, became resistant to hgplOO-specific T cell immune response. To address this question, 
we analyzed the expression of hgplOO RNA in tumors that developed in vaccinated mice at 
different times after the first or second tumor challenge. The RT-PCR analysis results presented in 
Fig.l 1 show that tumors which developed in vaccinated mice shortly after the challenge, 4 weeks 
after the challenge, or even 4 weeks after the second challenge, continued to express hugplOO 
RNA. 

III.       Attempt to Develop Dendritic Cell Gene Transfer System 

III.l. Dendritic cell cultures 
The system for dendritic cell (DC) culture and characterization has been established. We are able 
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to obtain about 30 million DCs from each sample of 100 million peripheral blood mononuclear 
cells (PBMC) over a 5 to 7-day culture period. A flow cytometry analysis system (allowing 
analysis of 9 markers at the same time) has been used to efficiently characterize these PBMC- 
derived DCs. The DCs generated in our culture system were over 50% pure based on morphology 
and the expression of a profile of CD3-, CD14-, CD16-, CD19-, CD20-, CD56-, HLA-DR+, and 
CD 123+ or CD 11 c+ as assessed by flow cytometry. 

In order to reduce the background in the experiment using DCs as the antigen presenting cells (e.g. 
GP-100 induced CTL assay), we have tried different serum supplement in DC culture media 
instead of fetal bovine serum (FBS). The results show that the donor's own plasma provides a 
good support of DC growth, even though the percentage of mature DC is lower than that in the 
culture with FBS. 

III.2. Gene transfer into DCs 
Our previous attempts are unsuccessful in using transiently GP-100 transfected DCs as APC to 
elicit CTL against melanoma cell lines and GP-100 expressing clones, partially because of the 
insufficient GP100 expression in DCs. Experiments are in progress to optimize conditions to 
transiently transfect DCs with cDNA for GP-100. We have evaluated Gene-Porter's technique 
(Lipofection method) and QIAGEN's technique (unknown chemical method) comparing to 
genegun. Currently, gene gun still shows the results superior to the other two techniques. 
Transgene expression level in DCs is from 1% to 7% by flow cytometry analysis. We also 
confirmed that the low end 1% expression is "real" by visualizing the expression of green 
fluorescence protein gene under microscope. We are working on improving our vector for GP-100 
gene by replacing the previous vector with a new Gene Gripä vector, with a hope that the new 
construct will help to enhance the GP-100 expression on DCs. 
Another approach is to enhance the antigen presenting potential of DCs through the modification 
of culture regimen. Lipopolysaccharide (LPS), Mycobacterium bovis bacillus Calmette-Guerin 
(BCG), or Diphtheria/Tetanus/Pertussis will be evaluated separately for their ability to induce DC 
maturation in culture. In addition, we have tested several herbal extracts for their effects on 
dendritic cell growth and function. We will observe DCs in their reduction of endocytosis, 
expression of CD83 and B7 costimulatory molecules and IL-12 production. 

B3. Discussion 

I. Combinational (IL-12, pro-IL-18, ICE) Gene Therapy Approach 

It is also noteworthy that we show that the triple gene set of IL-12, pro-IL-18 and ICE in 
combination can be successfully delivered in vitro and in vivo by particle-mediated gene transfer 
with a gene gun device. In addition, in terms of induction of IFN- ythe finding that transfection of 
pro-IL-18 and ICE cDNA is superior to that of pro-IL-18 cDNA alone suggests that the two testing 
genes were concomitantly expressed in the same cell, because cleavage of pro-IL-18 by ICE 
requires the expression of both transgenes within the same cell (15,16). Thus, particle-mediated 
gene transfer effectively results in the expression of at least two or perhaps three transgenes in the 
same cells both in vitro and in vivo. Theoretically, this technique enables multiple gene transfer 
and expression in the same cells by co-precipitation of multiple species of DNA molecules onto 
the same gold beads (18,19). 

Previous reports demonstrated efficacy of the combination of three testing genes in a vaccination 
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model (20). The combination of IL-18 and EL-12 protein therapy in a murine model has also been 
reported. Although tumor regression was noted, the treatment related toxicity was very high (21). 
In contrast, no adverse effect was observed in treated mice in our experiments using the 
combination gene therapy protocol with a gene gun. This suggests that gene gun-mediated local 
delivery of EL-12 / pro-IL-18 / ICE genes may be clinically desirable and safe as a strategy for 
local cancer therapy. 

Results from our present study also demonstrate that EL-12 gene therapy can induce substantially 
more potent antitumor effects on the established tumor than the EL-18 gene therapy. In TS/A 
tumor-bearing mice receiving gene gun treatment of IL-12 cDNA, 17.4 % of mice showed a 
complete regression of the established tumors. In contrast, EL-18 gene therapy as administered here 
has failed to eradicate tumors completely and all EL-18 cDNA treated mice eventually died from 
progression of testing tumors (Table 1). Others have also reported that the antitumor effects of 
SCK cells (murine mammary adenocarcinoma) expressing EL-12 were more striking than those of 
SCK cells expressing EL-18 in tumor protection model (20). Importantly, we also showed in this 
study that the potent antitumor effects induced by EL-12 / pro-IL-18 / ICE cDNA were in fact 
reflected by the prolongation of survival time in treated animals. When mice whose tumor did not 
exceed 100 mm2 in size were defined as survivors, in the groups of mice receiving gene therapy 
with IL-12 / pro-IL-18 / ICE, pro-IL-18 /IL-12, and EL-12 alone, 59.1%, 30.4% and 17.4% of mice 
were found to survive on day 50, respectively. 

Our finding that the combinational gene therapy requires mainly CD8+ T cells is similar to the 
results of antibody depletion experiments for animals receiving IL-12 protein or gene therapy 
alone (2,6). Micallef et al. demonstrated that the effector cells responsible for antitumor effects of 
pretreatment with rEL-18 were NK cells in the initial phase, both CD4+ and CD8+ T cells in the 
second phase (between day 9 and 5), and CD4+ T cells for the long term immunological memory 
(22, 23). Our results indicate that the combination therapy of EL-12 and DL-18 can cause antitumor 
effects primarily via activation of CD8+ T cells. 

Result of D?N- y induction experiments suggests that D?N- y is, in part, responsible for the 
antitumor efficacy of the combination gene therapy of EL-12 / pro-IL-18 / ICE. The lack of 
complete abrogation of antitumor efficacy in animals treated with anti-D?N- y Ab may be explained 
by persistent local EFN-y even in the mice treated with anti-D?N- y Ab. Moreover, it is likely that 
JFN- y may be a important, but not necessarily essential intermediate in this antitumor cascade. 
This is supported by studies that show that the use of the D?N- y gene in similar tumor treatment 
models has not resulted in tumor regression (7), implying that BL-12 and this combination gene 
therapy can have immunologically mediated antitumor effects other than IFN- y release. 

In summary, gene gun-mediated transfer of expression vectors for EL-12, pro-DL-18 and ICE cDNA 
can confer a synergistic induction of IFN- y in vitro and in vivo. Combination of these three genes 
can effectively result in complete regression of TS/A tumors, which effect is superior to either EL- 
12 or pro-EL-18 cDNA alone. This antitumor response can be completely blocked by CD8+ T cell 
depletion, and partially abrogated by antibodies to D?N- y In addition, this combination gene 
therapy can induce tumor-specific immnological memory. To our knowledge, this is the first report 
on the successful use of a triple gene combination for cancer therapy using non-viral vectors. 
These findings suggest that combination gene therapy of IL-12, IL-18 and ICE cDNA may provide 
a potential application for cancer gene immunotherapy, and the current gene gun delivery approach 
may provide a new methodology for effective and functional delivery of multiple, candidate 
therapeutic genes for experimental and potential clinical applications. 
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II. GplOO+GM-CSF Gene Vaccination Approach 

Genetic vaccination against cancer seems to have a great potential as a simple and yet effective 
way of inducing a protective immune response. We show in this study that gene gun-mediated 
vaccination of mice with hgplOO plasmid cDNA, especially in combination with mGM-CSF 
cDNA, resulted in effective protection against hgplOO-expressing melanoma. Importantly, as low 
as 62.5 ng of hgplOO plasmid was sufficient to achieve a substantial level of tumor protection 
when combined with the mGM-CSF plasmid. 

Immunostimulatory peptides of hgplOO have been recently synthetized and modified to become 
more immunogenic (17, 24). These peptides were found to induce a protective immune response 
in mice (24) and in cancer patients (25,26). Remarkably, an initial study has indicated that 42% of 
melanoma patients demonstrated objective responses as a result of gplOO peptide vaccination 
followed by a course of treatment with recombinant EL-2 (27). Thus, vaccination against the 
gplOO antigen seems to be an effective approach for melanoma treatment. Another way to achieve 
an immune response against gplOO is genetic immunization with gplOO cDNA. DNA 
immunization could potentially be more effective than peptide immunization, as has been recently 
indicated in a comparative experimental study using a model tumor antigen (28).   Genetic 
vaccination with naked hgplOO plasmid DNA resulted in generation of CTL and protection against 
hgplOO-expressing B16 tumors (29). Our results confirm these findings and demonstrate that in 
order to achieve comparable antitumor effect, gene gun-mediated gene delivery required at least 20 
times less hgplOO DNA (2.5 u.g) than intramuscular injection of naked DNA (29). 

Our data demonstrate, in addition, that the effective dose of gplOO DNA can be reduced 40 times 
by co-administration with the gene encoding for mGM-CSF. An adjuvant effect of GM-CSF DNA 
for experimental cancer vaccination has previously been reported (30). The mechanism of this 
adjuvant effect may be attributed to the ability of GM-CSF to induce and activate antigen- 
presenting cells, such as dendritic cells and macrophages, and thereby potentiate a specific immune 
response elicited by tumor vaccines. At least in some tumor systems, GM-CSF was found to be 
the most potent adjuvant as compared with other cytokines genes (31). In agreement with those 
findings, our preliminary results indicate that GM-CSF is more potent in enhancing the protective 
effect of gplOO DNA vaccination than IL-4 or B7.1 DNA (data not shown). 

A theoretical disadvantage of a vaccination approach based on using a specific TAA peptide or 
plasmid DNA encoding a TAA is the possibility of tumor escape from the immune control by 
developing "antigen loss" or antigen-negative tumor variants. Indeed, in a clinical study using 
gplOO peptide vaccination, it was observed that a patient initially responded to the vaccination by 
tumor shrinkage but later the tumor relapsed (32). This relapsed tumor has lost the expression of 
gplOO and was resistant to gplOO-specific CTL. Our data on experimental gplOO gene vaccination 
also provide the evidence that the tumors may escape from the T cell-mediated immune control. 
However, we found that the relapsing tumors, being insidious for several weeks in vaccinated 
mice, continued to express hgplOO RNA. Although this observation does not exclude the loss of 
gplOO on the protein level, it is highly unlikely that the tumor cells would develop a new 
mechanism to regulate a gene on a post-transcriptional level rather than by simply deleting it. It is 
possible, instead, that when the immune response to gplOO weakens below certain threshold, 
dormant tumor cells from a challenge inoculum begin to grow. Future experiments are warranted 
to determine the mechanism of tumor escape in gplOO-vaccinated mice. 
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C.      KEY RESEARCH ACCOMPLISHMENTS. 

•    Gene gun-mediated delivery of a triple gene combination, IL-12, pro-IL-18 and ICE, resulted 
in a synergistic immune activation in vitro and reduction of breast tumor growth in vivo 

• Gene gun-mediated combinational approach for gene vaccination, using a tumor antigen cDNA 
(gplOO) together with a cytokine cDNA (GM-CSF), was found to induce effective, T cell- 
mediated protection against tumors 

•    Small quantities (60 ng) of gplOO cDNA delivered by a gene gun were sufficient to induce 
tumor protection when combined with GM-CSF cDNA. 

D.      REPORTABLE OUTCOMES. 

D.I. PRESENTATIONS AT THE MEETINGS 

1. Rakhmilevich, A.L., K.Janssen and N-S. Yang. Gene gun-mediated IL-12 gene therapy for 
breast cancer in mice. Cancer Gene Therapy, 4:S52-S53, 1997. A poster presentation at 6th 

International Conference on Gene Therapy of Cancer, Nov 20-22, 1997, San Diego, CA. 

2. Rakhmilevich, A.L., K.M.Wright, BJavorsky, T. Roberts, M. R. Albertini, N-S. Yang, and 
P.M.Sondel. Pre-clinical In Vivo Gene Therapy Approaches Using Gene Gun. An oral 
presentation at T International Conference on Gene Therapy of Cancer, Nov 19-21, 1997, San 
Diego, CA. 

3. N-S. Yang, A.L.Rakhmilevich, P.M.Sondel, D.Mahvi, G.Hogge, and G.MacEwen. Cytokine 
gene therapy for cancer and DNA cancer vaccines: A gene gun approach. An oral presentation 
at 1998 Keystone Symposium "Synthetic Non-Viral Gene Delivery Systems", January 19-25, 
1998. 

4. N-S. Yang, K. Oshikawa, D. Mahvi, F-S. Shi, M.Imboden, M.D.Macklin, M.R.Albertini, 
T.Roberts, K.M.Wright, P.M.Sondel, and A.L.Rakhmilevich. Gene gun-mediated DNA cancer 
vaccination with combinational cytokine gene therapy, and tumor-associated antigen and GM- 
CSF. 2nd Annual Meeting, American Society of Gene Therapy, June 9-13, 1999. 

D.2. PUBLICATIONS 

1. Rakhmilevich A.L., Timmins J.G., Janssen K., Pohlmann E.L., Sheehy M.J. and Yang N-S. 
Gene gun-mediated EL-12 gene therapy induces antitumor effects in the absence of toxicity: a 
direct comparison with systemic IL-12 protein therapy. J. Immunother., 22, 135-144 (1999). 

2. Rakhmilevich A.L., Janssen K, Hao, Z., Sondel P.M. and Yang N-S. Interleukin 12 gene 
therapy of a weakly immunogenic mouse mammary carcinoma results in reduction of 
spontaneous lung metastases via a T cell-independent mechanism. 1999 (in press). 

3. Rakhmilevich A.L. and Yang N-S. In vivo particle-mediated gene transfer for cancer therapy. In 
Gene Therapy of Cancer: Methods and Protocols, editors Walther and Stein, Berlin (in press). 

4. Oshikawa K, Shi F., Rakhmilevich A.L., Sondel P.M., Mahvi D.M., and Yang N-S. 
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Synergistic Inhibition of Tumor Growth in a Murine Mammary Adenocarcinoma Model by 
Combinational Gene Therapy Using Interleukin-12, pro-Interleukin-18 and IL-lb-Converting 
Enzyme cDNA. Proc. Natl. Acad. Sei. USA, (in press.) 

E. CONCLUSIONS 

• A combinational delivery of IL-12, pro-IL-18 and ICE cDNA confers a synergistic 
effect on IFNy and DL-18 production in vitro and in vivo. 

• A combinational gene therapy with IL-12, pro-IL-18 and ICE cDNA confers a synergistic 
effect against TS/A breast tumor, resulting in extended survival of mice. 

• Cutaneous vaccination of mice with a combination of hugplOO cDNA and mGM-CSF cDNA 
via gene gun results in a synergistic tumor protection. 

• Tumor protection induced by gplOO + GM-CSF DNA vaccination depends on T cells. 

• Skin delivery of gplOO + GM-CSF DNA results in suppression of growth of established mouse 
melanoma, followed by extended survival of treated mice. 
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FIGURE LEGENDS 

Figure 1. IFN-y secretion in splenocytes in vitro induced by cytokine proteins secreted from 
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transfected COS-7 (A) and TS/A (B) cells. IL-18 bioassay (stimulation of IFN-y release) was 
carried out as described in Materials and Methods. Means ± S.D. were calculated from triplicates. 
*, P < 0.05 versus pro-IL-18 alone in both cells; t, P < 0.0001 versus the other groups in COS-7 
cells; $, P < 0.005 versus the other groups in TS/A cells. A, EL-12 c DNA; B, pro-IL-18 cDNA; C, 
pro-IL-18 / ICE cDNA; D, IL-12 / pro-IL-18 cDNA; E, IL-12 / pro-IL-18 / ICE cDNA; F, control 
plasmid (pNGVL-3). 

Figure 2. IFN- y production in the treated skin tissue (A) and from splenocytes (B) after gene gun 
treatment. A) Skin overlying TS/A tumor was excised after the second gene gun treatment and 
IFN-y inthe skin tissue tysate was measured by ELISA. *,P< 0.05 versus all other treatment 
groups. Mean ± S.D. are shown for 4 mice per group. B) Splenocytes (2 x 106) were isolated after 
the second gene gun treatment and cultured in 2 ml of RPMI1640 for 24 hours, t, P < 0.05 versus 
pro-IL-18 alone; $,P< 0.05 versus all other groups. Mean ± S.D. are shown for 4 mice per group. 
A, IL-12 cDNA; B, pro-IL-18 cDNA; C, pro-IL-18 / ICE cDNA; D, IL-12 / pro-IL-18 cDNA; E, 
IL-12 / pro-IL-18 / ICE cDNA; F, control plasmid (pNGVL-3). 

Figure 3. TS/A growth following in vivo gene gun treatment. The protocol of gene gun treatment 
was described in Materials and Methods. Arrows indicate the days when gene gun treatments were 
performed. Mean tumor size ± SEM are shown for 15 mice per each group. A statistically 
significant difference in suppression of the tumor growth was observed in the group treated with 
IL-12 / pro-IL-18 / ICE, compared with that from pro-IL-18 alone (p < 0.05 on day 12, and p < 
0.0001 on day 14 to 24), from pro-IL-18 / ICE (p < 0.001 on day 14 and p < 0.0001 on day 16 to 
24), from IL-12 alone (p < 0.05 on day 22 and p < 0.01 on day 24), and from the control plasmid 
(p < 0.0001, day 12 to 24). D, IL-12 cDNA; • , pro-IL-18 cDNA; A, pro-IL-18 / ICE cDNA; V, 
IL-12 / pro-IL-18 cDNA; •, IL-12 / pro-IL-18 / ICE cDNA; O, control plasmid (pNGVL-3). 

Figure 4. Effects of in vivo depletion of CD4+ and CD8+ subsets of T cells and neutralization of 
IFN- yon the antitumor response induced by combinatorial gene therapy with IL-12, pro-IL-18 
and ICE. A) Mixture of anti-CD4 and anti-CD8 mAb, or anti-IFN-y mAb were injected 
intraperitoneally. Mean tumor size ± SEM are shown for 5 mice per group. V, anti-CD4 and anti- 
CD8 mAb; A, anti-IFN-ymAb; •, no mAb;; D, rat IgG. All above groups (V, A, • and D) 
received IL-12 / pro-IL-18 / ICE cDNA treatment. O, control plasmid (pNGVL-3) and no mAb. 
B) Anti-CD4 and anti-CD8 mAb were administered separately. Mean tumor size ± SEM are shown 

for 6 mice per group. V, anti-CD4 mAb; A, anti-CD8 mAb; •, no mAb; D, rat IgG. All above 

groups (V, A, • and D) received IL-12 / pro-IL-18 / ICE cDNA treatment. O, control plasmid 
(pNGVL-3) and no mAb. 

Figure 5. Induction of CTL activities in mice with complete regression was observed following 
gene therapy with IL-12, IL-12 / pro-DL-18, or IL-12 / pro-IL-18 / ICE. The representative data of 

two independent experiments are shown. D, IL-12 cDNA; A, DL-12 / pro-DL-18 cDNA; #, IL-12 / 
pro-IL-18 / ICE cDNA; O, control plasmid (pNGVL-3). 

Figure 6. Expression of hugplOO in B16-gpl00 melanoma cells and in the skin following 
vaccination with hugplOO plasmid cDNA. A. Mouse B16 melanoma cells (B 16-wild), or the cell 
clone derived from B16 cells following gene gun-mediated transfection with human gplOO cDNA 
and selection in G418-containing media (B16-gpl00), were used for flow cytometry. The cells 
were first permeabilized, then incubated with HMB-45 mAb reactive with human gplOO, and 
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stained with FITC-conjugated goat anti-mouse IgG. B. RT-PCR detection of human gplOO 
transcripts in the skin after gene gun transfection with hgplOO cDNA. The abdominal skin area of 
C57BL/6 mice was transfeCted into with 625 ng of hugplOO plasmid DNA. Twenty four hr post 
transfection, skin samples were removed, RNA extracted and RT-PCR performed using the 
primers specific for the hgplOO sequence, a, Lane 1, hugplOO transcripts in control B16wt cell 
line, Lane 2, hgplOO transcripts in B16-gpl00 stably transfected cell line, Lane 3, hgplOO 
transcripts in the skin from a control mouse transfected with empty vector, Lane 4, hgplOO 
transcripts in hugplOO -transfected skin, Lane 5, hgplOO transcripts in hgplOO+GM-CSF 
transfected skin, b, internal control amplification using primers for the house keeping gene 
G3PDH in all the samples (Lane 1-5). 

Figure 7. GplOO gene vaccination: Protection against B16 melanoma. Skin of C57B1/6 mice 
was transfected at four sites with hgplOO cDNA (2.5 ug/mouse), or hgplOO cDNA in combination 
with GM-CSF cDNA (2.5 fig/mouse of each) using gene gun. Seven days later, vaccinated and 
naive mice were challenged i.d. with 5xl04 parental B16 cells (B16-wild), or with 5xl04 cells of 
the B16 cell clone stably expressing hgplOO (B16-gpl00). Tumor growth was followed. Data are 
presented for 5 mice per group. Mice which did not develop tumors remained tumor-free for at 
least 60 days. 

Figure 8. Dose effect of gplOO DNA, alone or in combination with GM-CSF DNA, on tumor 
protection. Skin of C57B1/6 mice was transfected using the gene gun with hgplOO cDNA (625, 
62.5, or 6.25 ng/transfection/mouse) either alone or in combination with GM-CSF cDNA (625 
ng). Control mice were transfected with the DNA encoding the empty vector, alone or in 
combination with GM-CSF DNA. Seven days later, vaccinated and naive mice were challenged 
intradermally with 5xl04 cells of the B16 cell clone stably expressing hgplOO (B16-gpl00). 
Tumor growth was followed. Data are presented for 5 mice per group, where each line represents 
one animal. 

Figure 9. The role of T cells in tumor protection following gplOO + GM-CSF DNA vaccination. 
Skin of C57B1/6 mice was gene gun-transfected with hgplOO cDNA in combination with GM- 
CSF cDNA, 0.6 u\g/mouse of each (vaccine). A mixture containing 300 pg of each anti-CD4 
mAb (clone GK1.5) and anti-CD8 mAb (clone 2.43) was administered intraperitoneally on days 6 
and 11 after vaccination. Control groups received rat IgG (Sigma) at the dose 600 |Xg/mouse per 
day. On day 7 post vaccination, vaccinated and naive mice were challenged i.d. with 5x10 cells 
of the B16 cell clone stably expressing hgplOO (B16-gpl00). Tumor growth was followed. Data 
are presented for 5 mice per group. 

Figure 10.   Suppression of the growth of established tumors by the gpl00+GM-CSF DNA 
vaccine.   C57B1/6 mice were injected intradermally with 5xl04 of B16-gpl00 cells. On days 
7,10,13 and 17 post-tumor cell implantation, the skin was transfected at two sites of the 
abdominal area using the gene gun with hgplOO cDNA in combination with GM-CSF cDNA, 625 
ng of each plasmid per transfection site. Control mice received empty vector DNA + GM-CSF 
DNA. Kinetics of tumor growth was assessed by measuring the tumor diameter (A). The 
survival of mice was determined by the day the tumor diameter reached 15 mm (B). Each group 
consisted of 5 mice. 

Figure 11. Detection of hugplOO transcripts in recurring tumors after vaccination with gplOO 
cDNA. Mice were vaccinated in the skin using gene gun with hgplOO cDNA alone or in 
combination with GM-CSF cDNA. Seven days later, the mice were challenged i.d. with 5x10 
B 16-gpl00 cells. In one experiment, the vaccinated mice that remained tumor-free for 35 days 
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post tumor challenge, were challenged a second time with the same tumor.   The intradermal 
tumors which developed in some vaccinated mice were later removed and analyzed by RT-PCR 
for expression of hgplOO RNA using hgplOO-specific primers, a, Lane 1, hgplOO transcripts in 
the tumor which developed on day 8 after the first tumor challenge and was extracted on day 37. 
Lane 2, hgplOO transcripts in the tumor which developed on day 26 after first tumor challenge 
and was extracted on day 37. Lane 3, hgplOO transcripts in the tumor which developed on day 36 
after secondary tumor challenge and was removed on day 43. Lane 4, hgplOO transcripts in B16- 
wild cells, Lane 5, positive control, hgplOO transcripts in B16-gpl00 cell line, b, internal control 
amplification of house keeping gene G3PDH in all the samples (Lane 1-5). 
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Table 1. Complete regression of TS/A tumor 

following gene gun treatment *. 

Treatment Mice with complete     (%) 

regressiont / total 

IL-12 4/23 17.4t 

pro-IL-18 0/15 ol 

pro-IL-18/ICE 0/15 ol 

IL-12 /pro-IL-18 6/23 26.1§ 

IL-12/pro-IL-18/ICE 11/22 50.0 

Control (pNGVL-3) 0/23 ol 

Treatment protocol was same as that of Figure 5 (in IL-12, 

IL-12 / pro-IL-18, IL-12 / pro-IL-18 / ICE and control, 7 to 8 

additional mice were evaluated). 1"The number of mice in 

which complete regression of established TS/A tumor was 

observed. *, P < 0.05 versus IL-12 / pro-IL-18 / ICE; §, P = 

0.089 versus IL-12 / pro-IL-18 / ICE; I, P < 0.0001 versus IL- 

12 / pro-IL-18 / ICE. 
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Fig. 1. IFN-y production in splenocytes in vitro induced by 
cytokine proteins secreted from transfected COS-7 (A) and 
TS/A (B) cells. 
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Fig. 2. IFN-y production in the treated skin tissue (A) and 
from splenocytes (B) after gene gun treatment. 
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Fig. 3. TS/A growth following in vivo gene gun 
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Fig. 4. Effects of in vivo depletion of CD4+ and CD8+ 
subsets of T cells and neutralization of IFN-y on the 
antitumor response induced by combinatorial gene 
therapy with IL-12, pro-IL-18 and ICE. 
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Fig. 5. Induction of CTL activities in mice with complete 
regression was observed following gene therapy with IL-12, 
IL-12 / pro-IL-18, or IL-12 / pro-IL-18 / ICE. 
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